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57 ABSTRACT 

A monolithic SAW convolver comprises a piezoelec 
tric film, an insulator, a semiconductive epitaxial film 
and a high-concentrated semiconductive substrate. The 
semiconductive epitaxial film has a thickness in a prede 
termined range to improve the efficiency and the tem 
perature property of the convolver. 

18 Claims, 12 Drawing Sheets 
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1. 

SURFACE ACOUSTC WAVE CONVOLVER 

FIELD OF THE INVENTION 

This invention relates to an arrangement of a mono 
lithic surface acoustic wave convolver (hereinafter 
called "SAW convolver') consisting of a piezoelectric 
film and a semiconductor. 

BACKGROUND OF THE INVENTION 
FIGS. 14 and 15 are cross-sectional views of two 

different prior art monolithic convolvers in which ref. 
erence numeral 1 refers to a high-concentration semi 
conductor substrate, 2 to an insulator, 3 to a piezoelec 
tric film, 4 and 4 to inputs, 5 and 5' to comb-shaped 
electrodes, 6 to an output, 7 to a back electrode, 8 to a 
gate electrode, and 9 to a semiconductive epitaxial film. 
Arrangements of FIGS. 14 and 15 are different in 

semiconductor structure. In FIG. 14, a bulk semicon 
ductor substrate is used as the semiconductor, whereas 
the arrangement of FIG. 15 uses a substrate made by 
growing a semiconductive epitaxial film on a high-con 
centrated semiconductor substrate (a substrate having a 
high impurity density). Various properties of these ar 
rangements are reported in the following publications. 
Document 1), B. T. Khuri-Yakub and G. S. Kino, "A 

Detailed Theory of the Monolithic Zinc Oxide on 
Silicon Convolver', IEEE Trans. Sonics Ultrason., 
vol. SU-24, No. 1, January 1977, pp. 34-43 

Document 2), J. K. Elliott, et al. "A Wideband SAW 
convolver utilizing Sezawa waves in the metal-Z- 
nO-SiO2-Si configuration”, Appl. Phys. Lett. 32, 
May 1978, pp. 515-516 

Document 3), J. E. Bowers, et al. "Monolithic Sezawa 
wave Storage Correlators and Convolvers', IEEE 
Proc. Ultrasonics Symposium, 1980, pp. 118-123 

Document 4), S. Minagawa, et al. "Efficient 
ZnO-SiO2 -Si Sezawa wave convolver', IEEE 
Trans. Sonics Ultrason, vol. SU-32, No. 5, Septem 
ber 1985, pp. 670-674 
Documents 1, 2and 3report properties of the 

convolver of FIG. 14, and Document 4) reports prop 
erties of the convolver of FIG. 15. 
As will be understood from comparison of these re 

ports, the arrangement of FIG. 15 tends to exhibit a 
higher value than that of FIG. 14. In this respect, the 
use of a substrate including an epitaxial film as shown in 
FIG. 15 is more advantageous as a convolver. How 
ever, no theoretical or experimental detailed discussion 
has been made heretofore. Therefore, no definite data 
exists heretofore about the best condition of such an 
epitaxial layer, and no convolver having the best ar 
rangement is not provided heretofore. 

OBJECT OF THE INVENTION 
It is therefore an object of the invention to provide a 

SAW convolver having the best arrangement consider 
ing a result of detailed analyzation of effects of a semi 
conductive epitaxial film. 
More specifically, the invention provides a convolver 

having the best relationship between the thickness and 
the impurity density of the semiconductive epitaxial 
film in the arrangement of FIG. 15. 

SUMMARY OF THE INVENTION 

According to the invention, there is provided a 
monolithic convolver comprising a high-concentrated 
semiconductor substrate, a semiconductive epitaxial 
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2 
film grown on a surface of said semiconductor sub 
strate, an insulator provided on said epitaxial film and a 
piezoelectric film provided on said insulator, said semi 
conductive epitaxial layer having a thickness L satisfy 
ing the following relationship: 

where Wmax is the maximum depletion width expressed 
by: 

4ekTin(N/ Wmax = n) 

where N is the impurity density of the epitaxial film, ni 
is the intrinsic carrier density of the epitaxial film, es is 
the dielectric constant of the epitaxial film, k is the 
Boltsmann's constant, e is the electron charge, and T is 
the absolute temperature. 

Preferably, the semiconductor is made from silicon 
(Si), and impurity density N is in the following range: 

1x1013cm-3sNs 1x1016cm-3 

When a monolithic SAW convolver comprises a 
high-concentrated semiconductor substrate, a first semi 
conductive film on the substrate, a second semiconduc 
tive film on the first semiconductive film, an insulator 
on the second semiconductive film and a piezoelectric 
film, the first and second semiconductive films are semi 
conductive epitaxial films having opposite conduction 
types, and the total thickness of the semiconductive 
epitaxial films is in the following range: 

where 12 is the thickness of the second semiconductive 
film, and Wm is expressed by: 

where Niis the impurity density of the first semiconduc 
tive film, ni is the intrinsic carrier density of the first 
semiconductive film, es is the dielectric constant of the 
first semiconductive film, k is the Boltsmann's constant, 
e is the magnitude of electron charges, and T is the 
absolute temperature. 

Preferably, the semiconductor is made from silicon 
(Si), and impurity density Ni of the epitaxial films is in 
the following range: 

1x1013cm325Ns 1x1016cm3 

The semiconductor may be made from GaAs. The 
insulator may be omitted substantially, or alternatively, 
it may be made from SiO2. The piezoelectric film is 
made from ZnO or AlN, and Sezawa wave is preferred 
as a propagation mode of surface acoustic waves. 

Surface orientation of Si is (110), with propagation 
direction (100 of surface acoustic waves. Alternatively, 
surface orientation of Si is (100), with propagation di 
rection 110 of surface acoustic waves. 
FIG. 1 shows in an enlarged view an arrangement 

under the gate electrode of FIG. 15. In FIG. 1, refer 
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ence numerals common to FIG. 15 denote identical or 
corresponding members. Reference numeral 10 refers to 
a depletion end, 11 to the maximum depletion end, Nd 
to the donor density of the epitaxial film, Na to the 
acceptor density of the epitaxial film, L to the thickness 
of the epitaxial film, Wna to the maximum depletion 
width, W to the depletion width, h to the thickness of 
the piezoelectric film, f to the frequency of a surface 
acoustic wave (SAW), A to the wavelength of the 
SAW, and VB to a bias voltage. In this arrangement, 
thickness N and impurity concentration N of the semi 
conductive epitaxial film are fixed as follows. 

(A) Thickness L of the semiconductive epitaxial film 
is determined to the following value with respect to the 
maximum depletion width Wmax which is determined 
by the impurity density of the epitaxial film (donor 
density in an n-type semiconductor and acceptor den 
sity in a p-type semiconductor). 

Wmax<LSWmax+2 um (1) 

where Wna is the maximum depletion width at the 
room temperature (23 C), and the values of L and 
Wmax are represented in um. 
Wmax is expressed by: 

(2) 
4ekTln(N/n) 

War = - - 
where N is the impurity density of the epitaxial film 
which equals donor density Nd if the epitaxial film is an 
n-type semiconductor, or equals acceptor density Naif 
the epitaxial film is a p-type semiconductor. T is the 
absolute temperature indicated below: 

T=296 (K) (3) 

ni is the intrinsic carrier density of the semiconductive 
layer, es is the dielectric constant of the semiconductive 
layer, k is the Boltsmann's constant, and e is electron 
charges. 

Particularly, when silicon (Si) is used as the semicon 
ductor, the impurity density is preferably selected as 
follows in addition to the condition of the thickness of 
the epitaxial film. 

(B) If the semiconductor is made from Si, thickness L 
of the epitaxial film is selected to satisfy expression (1), 
and impurity density N is selected in the following 
range: 

x 1013cm-3sNs 1x1016cm-3 (4) 

As a reference only, FIG. 2 shows the relationship 
between maximum depletion width Wmax of Si and 
impurity density Nd. In the illustration, n-type Si is 
shown. However, using a p-type Si, the identical rela 
tionship is established except that the donor density is 
replaced by the acceptor density. From FIG. 2 and 
expression (1), some preferable values of the thickness 
of the epitaxial film are as follows: 

2.4 p.m (LS4.4 um 

when N=1x1014cm-3 
0.9 p.m (Ls2.9 pum 
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4. 
when N=1 x 1015cm-3. 
The invention selects conditions of the epitaxial film 

of FIG. 15 as described in (A) and (B) above for the 
following reasons. 
FT (convolution efficiency) of the convolver is ex 

pressed by: 

FT=20 logy2-10 log RB -aLg-30+Le (5) ps 
where y2 is the non-linear efficiency, RB is the output 
resistance of the gate portion of the convolver, a is the 
propagation loss of SAW, and Lg is the gate length. Le 
is a term fixed irrespectively of the condition of the 
epitaxial film, and is subject to influences of the electro 
mechanical coupling coefficient, transducer loss, thick 
ness and dielectric constant of the piezoelectric film, 
frequency and wavelength of a SAW, etc. Since Le is 
independent of effects of the thickness of the epitaxial 
film, its expression or equation is omitted here. FT(dBm) 
is defined as follows with respect to two inputs Pi and 
Piz and an output Po: 

Fr a Po - P - P2 
(P1, P2 and Po in um) 

Non-linear constant y2 has the following relationship 
with impurity density N of the epitaxial film when the 
semiconductor surface of the convolver is in a depletion 
condition or in an inverted condition: 

y2 cy (6) 

FT exhibits a large value when the semiconductor 
surface is in a depletion or weak-inverted condition. 
Therefore, it may be considered that expression (6) is 
established in activation of the convolver. However, 
expression (6) is valid only when thickness L of the 
epitaxial film is larger than depletion width W. If 
L CW, the depletion end becomes continuous (punch 
through) with the interface between the epitaxial film 
and the high-concentrated semiconductive substrate, 
and this obviously prevents the depletion end from 
vibration. In this case, non-linear constant y2 drops 
rapidly, and it cannot be expressed by expression (6). In 
response to a drop of y2, FT also drops largely due to 
the relationship of expression (5). Therefore, the follow 
ing relationship is required for the thickness of the epi 
taxial film: 

WCL (7) 

Depletion width W changes with bias voltage VB 
applied to the gate electrode, but does not exceed maxi 
mum depletion width Wmax as shown in FIG. 1. There 
fore, expression (7) is not practically valid unless thick 
ness L of the epitaxial film is larger than maximum 
depletion width as follows: 

Wmax<L (8) 

This is one of the reasons for definition of the lower 
limit of expression (1). 
The next description explains a reason why the upper 

limit of thickness L of the epitaxial film is defined as 
expression (1). 
When L satisfies expression (8), non-linear constant 

y2 is expressed by expression (6) and becomes indepen 
dent of thickness L of the epitaxial film. Therefore, 
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elements giving FTeffects of thickness L of the epitaxial 
film are terms of output resistance RB and SAW propa 
gation loss in expression (5). From expression (5), the 
following relationships are recognized: 
(i) FTincreases with decrease of RB. 5 
(ii) FT increases with decrease of the propagation loss. 

In respect of the result in (i) above, RB can be de 
creased in the use of a semiconductive epitaxial sub 
strate as shown in FIG. 15 more than in the use of a 
semiconductor bulk substrate as shown in FIG. 14. This 
is because the resistance of the high-concentrated semi 
conductive substrate under the epitaxial film is signifi 
cantly small. Therefore, in this respect, the use of the 
epitaxial substrate is more advantageous than the use of 
the bulk substrate. This result is also suggested by docu- 15 
ments 1) and 4). However, practically, the resistance 
of the epitaxial film, if having a thickness below a cer 
tain value, gives almost no influence against FT. Table 1 
shows numerical data of AFT calculated by expression 
(5) when using an n-type Si and selecting the thickness 20 
of the epitaxial film as follows: 

TABLE 1 
Le Wimax and L. E. Wmax + 2 pum 

10 

Donor Difference of Fr 25 
Density RE(2) between 
Nd L = Winax L = Wmax + 2 in GD and (2) 

(cm3) O A Fr(dB) 
2 x 10-13 1.390 1.27 0.88 
2 x 10-14 1.005 1028 0.098 30 
2 x 10-14 1003 1.00S 0.009 

In this case, the gate width is 1 mm, the gate length is 
20 mm, and the sum of the resistance of the high-con 
centrated semiconductive substrate, the resistance of a 
bonding wire and the ohmic resistance is 12. Further, 
AFTresults from calculation of influences of term RB in 
expression (5). However, as will be described later, it is 
observed the practical FT changes by several dB or 
more with small change about 2 um of the thickness of 40 
the epitaxial film. Therefore, among effects of the thick 
ness of the epitaxial film, propagation loss a gives FT a 
larger influence than RB does. 
The inventors carefully analyzed dependency of 

propagation loss a on the thickness of the epitaxial film, 45 
and found that the influence of the dependency against 
FT is remarkable and found a desirable condition re 
garding the thickness of the epitaxial film. Such a de 
pendency of the propagation loss upon the thickness of 
the epitaxial film is not known heretofore, and the con- 50 
dition of the thickness of the epitaxial film based on the 
dependency is provided for the first time by the present 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 55 

FIG. 1 is a diagrammatic cross-sectional view of a 
monolithic saw convolver for explanation of the inven 
tion; 
FIG. 2 is a graph showing the relationship between 

the donor density and the maximum depletion width; 
FIG. 3 is a graph showing the relationship between 

the maximum depletion width and the propagation loss; 
FIGS. 4 through 12 are characteristic graphs of a 

monolithic saw according to the invention; FIG. 13 is a 
cross-sectional view of a monolithic SAW convolver 
according to a further embodiment of the invention; and 
FIGS. 14 and 15 are cross-sectional views of two differ 
ent prior art monolithic convolvers. 

35 

65 

6 
DETAILED DESCRIPTION 

The invention is described below in detail, referring 
to preferred embodiments illustrated in the drawings. 
FIG. 3 shows an example of the dependency of a 

SAW propagation loss upon the thickness of the epitax 
ial film which SAW propagate along a convolver hav 
ing ZnO/SiO2/n-Si arrangement. The abscissa show 
the difference between the thickness of the epitaxial film 
and the maximum depletion width, and the ordinate 
shows the propagation loss (dB/cm). This example is 
based on conditions: SAW frequency f=215 MHz, 
SAW wavelength A=24 um, thickness h of piezoelec 
tric film. (ZnO)=5 am, using Sezawa wave as a SAW 
propagation mode. 
Nd is the donor density. The propagation loss is a 

value corresponding to a bias voltage VB applied to the 
gate electrode to maximize FT. As shown in the draw 
ing, the propagation loss is not only influenced by the 
impurity density but also largely influenced by the 
thickness of the epitaxial film. The propagation loss 
increases with increase of the thickness of the epitaxial 
film, and it sometimes changes by several dB/cm or 
more with a change of 2 p.m or so of the thickness of the 
epitaxial film. Comparing this with the value of Table 1, 
is it recognized that regarding changes of the thickness 
of the epitaxial film of FT, the propagation loss gives a 
more significant influence than the output resistance 
within this range of the thickness of the epitaxial film. 

In this connection, carefully considering the aforego 
ing influences of the propagation loss, changes of FTare 
measured under various conditions, and the best condi 
tion of the epitaxial film is obtained. Its results are 
shown in graphs in FIGS. 4through 12. Either graph is 
based on Zeo/SiO2/n-Si arrangement. In the graphs, f 
is the frequency of a SAW, M is the wavelength of the 
SAW, h is the thickness of ZnO film, Nd is the donor 
density, and Nais the acceptor density. The thickness of 
SiO2 film is 0.1 um. 
FIGS. 4through 12 show the following relationships. 

FIG. 4: Relationship between the epitaxial film thick 
ness and FT under conditions: f=215 MHz, Sezawa 
wave, n-type semiconductor, gate length 20 mm, 
temperature 23 C. 

FIG. 5: Relationship between the epitaxial film thick 
ness and the dynamic range under conditions: f=215 
MHz, Sezawa wave, n-type semiconductor, gate 
length 23 mm, temperature 23' C. 

FIG. 6: Relationship between the epitaxial film thick 
ness and FT under conditions: f= 100 MHz, Sezawa 
wave, n-type semiconductor, gate length 20 mm, 
temperature 23 C. 

FIG. 7: Relationship between the epitaxial film thick 
ness and FT under conditions: f=400 MHz, Sezawa 
wave, n-type semiconductor, gate length 20 mm, 
temperature 23' C. 

FIG. 8: Relationship between the epitaxial film thick 
ness and FT under conditions: f=215 MHz, Sezawa 
wave, n-type semiconductor, gate length 20 mm, 
temperature -20° C. 

FIG. 9; Relationship between the epitaxial film thick 
ness and FT under conditions: f=215 MHz, Sezawa 
wave, n-type semiconductor, gate length 20 mm, 
temperature -80 C. 

FIG. 10: Relationship between the epitaxial film thick 
ness and FT under conditions: f=215 MHz, Sezawa 
wave, n-type semiconductor, gate length 40 mm, 
temperature 23' C. 



7 
FIG. 11: Relationship between the epitaxial film thick 

ness and FTunder conditions: f=200 MHz, Rayleigh 
wave, n-type semiconductor, gate length 20 mm, 
temperature 23' C. 

FIG. 12: Relationship between the epitaxial film thick 
ness and FT under conditions: f=215 MHz, Sezawa 
wave, p-type semiconductor, gate length 20 mm, 
temperature 23' C. 
In each drawing, the abscissa shows the difference 

between the epitaxial film thickness and the maximum 
depletion width at the room temperature (23° C). The 
value of FT corresponds to a bias voltage applied to the 
gate electrode to maximize FT. 
From FIGS. 4 through 12, it is recognized that Fris 

influenced remarkably by the epitaxial film thickness, 
and that FT decreases with increase of the epitaxial film 
thickness. In this respect, a qualitatively similar ten 
dency is seen in different SAW frequencies (FIGS. 4, 6 
and 7), in different temperatures (FIGS. 4, 8 and 9), in 
different gate lengths (FIGS. 4 and 10), in different 
SAW propagation modes (FIGS. 4 and 11), and in dif 
ferent semiconductor conductivity types (FIG. 12). 
Quantitatively, influences of the epitaxial film thickness 
are remarkable when the gate is long. 

It appears from these results that the epitaxial film 
thickness had better be thin as far as possible in order to 
increase FT. However, as shown in FIG. 5, FT some 
times drops rapidly at a low temperature if the epitaxial 
film is so thin. This is because the depletion width tends 
to expand wider at a low temperature than it does at the 
normal temperature, and the depletion end becomes 
continuous (punch-through) with the interface of the 
epitaxial film and the high-concentrated semiconduc 
tive substrate and is prevented from vibration. These 
factors are another reason why the condition of expres 
sion (8) is required. Therefore, the epitaxial film has to 
be thicker to a certain extent than the maximum deple 
tion width. Additionally, the thickness of the epitaxial 
film must not invite a large decrease of FT. 
The invention selects such a suitable thickness L of 

the epitaxial film within 2 m over maximum depletion 
width Wmax. 

LSWnax--2 um (9) 

This is because FT possibly drops by 10 dB or more 
below the maximum value if L>Wmax+2 um in FIGS. 
4through 12. Also regarding the temperature property, 
it is recognized from comparison between FIGS. 8 and 
9 that FT changes largely with temperature if 
L>Wmax+2 um. In this respect also, the condition of 
expression (9) is reasonable. From FIG. 5, since the 
dynamic range has a practically sufficient value also in 
the condition of expression (9), there is no problem in 
this respect. 

This is a reason why the upper limit of the epitaxial 
film thickness L is defined as in expression (1). 

Regarding influences of the impurity density of the 
epitaxial film, it is recognized from FIGS. 4 through 12 
that FTincreases with decrease of the impurity density 
within the range of the epitaxial film thickness defined 
by expression (1). However, regarding the dynamic 
range, it is recognized from FIG. 5 that the dynamic 
range decreases with decrease of the impurity density. 
When NC 1X 1013cm-3, the dynamic range becomes 30 
dB approximately which is sufficient practically. 
On the other hand, FT drops with increase of N, and 

becomes about - 60 dBm or less when 
N> 1 x 1016cm-3. This value is too low in view of a 
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8 
nature of an arrangement of piezoelectric film/semicon 
ductor which is expected to exhibit a high F.T. There 
fore, the impurity density is preferably selected in the 
following range: 

1x1013cm-3sNs 1x1016cm-3 

This is a reason why the impurity density is defined as 
in expression (4). 
The aforegoing description explained conditions (A) 

and (B) of the epitaxial film in the present invention. 
Next, the basic concept of the invention is used in a 

SAW convolver having a further arrangement includ 
ing an epitaxial semiconductive substrate. Conditions of 
the epitaxial film in this case are described below. 
As described above, conditions (A) and (B) define 

conditions of the epitaxial film thickness in a convolver 
having the arrangement of FIG. 15. The convolver of 
FIG. 15 can be further developed to a convolver having 
the arrangement of FIG. 13. The present inventors 
already found that the arrangement of FIG. 13 is a 
convolver operable under no bias voltage (Japanese 
Patent Appln. No. 60-202845 entitled "Surface Acous 
tic Wave Device' filed on Sept. 13, 1985, and that the 
arrangement is significantly useful in practical use. 

Here, the semiconductive epitaxial film consists of a 
first semiconductive epitaxial film 9-1 and a second 
semiconductive epitaxial film 9-2. The first semiconduc 
tive epitaxial film 9-1 is a semiconductor of the same 
type as that of the high-concentrated semiconductive 
substrate 1 whereas the second semiconductive epitaxial 
film 9-2 is a semiconductor of the opposite conduction 
type. When the first semiconductive epitaxial film 9-1 is 
of n-type, the second semiconductive epitaxial film 9-2 
is of p-type. In contrast, when the first semiconductive 
epitaxial film 9-1 is of p-type, the second semiconduc 
tive epitaxial film 9-2 is of n-type. A difference from the 
arrangement of FIG. 15 is that the second semiconduc 
tive epitaxial film 9-2 of a different conduction type is 
provided in the epitaxial film. In most cases, the second 
semiconductive epitaxial film 9-2 is formed by ion injec 
tion, and the thickness at the portion is selected at a 
value considerably smaller than the thickness of the first 
semiconductive epitaxial film 9-1. Further, the impurity 
density and thickness of the second semiconductive 
epitaxial film are selected at a value to cause depletion 
of the entire portion of the second semiconductive epi 
taxial film 9-2 when bias application to the gate elec 
trode 8 is zero. It is intended that the arrangement ex 
hibits the best operation at zero bias voltage. Therefore, 
it may be considered that during operation of the con 
volver, the depletion end is positioned in the first semi 
conductive epitaxial film 9-1. 
As described above, FT is mainly determined by non 

linear constant y2 and propagation loss a, and parlicu 
larly, influences of the epitaxial film thickness are re 
flected by propagation loss a. On the other hand, during 
operation of the convolver having the arrangement of 
FIG. 13, the depletion end is positioned in the first 
semiconductive epitaxial film 9-1 as described above. 
Non-linear constant y2 is determined by impurity den 
sity N at the position of the depletion end, and is ex 
pressed by expression (6). Further, the SAW propaga 
tion loss is mainly determined by the interior energy 
loss in the semiconductor beyond the depletion end (in 
the depletion region or in the weak-converted region). 
Therefore, considering the aforegoing factors, it may be 
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considered that FT is mainly determined by the first 
semiconductive epitaxial film 9-1 also in the arrange 
ment of FIG. 13, and that the dependency of FT on the 
epitaxial film thickness is also determined by the impu 
rity density of the first semiconductive epitaxial film 9-1 
and by the relationship between the position of the 
depletion end therein and the epitaxial film thickness. 

Therefore, it is reasonable to define conditions of the 
epitaxial film thickness relative to the maximum deple 
tion width by the same expression (1) as that for the 
arrangement of FIG. 15. 

It should be noted, however, that maximum depletion 
width in the arrangement of FIG. 13 is expressed by an 
expression different from expression (2) because the 
second semiconductive epitaxial film 9-2 exists unlike 
the arrangement of FIG. 15. When the second semicon 
ductive epitaxial film 9-2 has thickness 12, Wmaxis in the 
following range: 

12<Wmas 12--Wn 

where Wm is the maximum depletion width exhibited 
when the first semiconductive epitaxial film 9-1 alone 
exists, and is expressed by: 

4ekTln(N/n) 
W. -- a - 

where N1 is the impurity density of the first semicon 
ductive epitaxial film 9-1, and other parameters are 
identical to those of expression (2). 

Therefore, it is reasonable to define conditions of the 
epitaxial film thickness in the arrangement of FIG. 13 as 
follows. 

(C) Thickness L of the epitaxial film in the arrange 
ment of FIG. 13 is defined as follows: 

(11) 

12<Ls 12-W--2 um (12) 

where 12 is the thickness of the second semiconductive 
epitaxial film 9-2, and Wm is determined by expression 
(11). 

Further, since FT in the arrangement of FIG. 13 is 
mainly determined by the first semiconductive epitaxial 
film 9-1, it is reasonable to define conditions of the im 
purity density of the epitaxial film in the same manner as 
expression (4) as follows. 
(D) When Si is used as the conductor in the arrange 

ment of FIG. 13, thickness L of the epitaxial film is 
selected to satisfy expression (12), and impurity density 
N1 of the first semiconductive epitaxial film 9-1 is se 
lected in the following range: 

1x103cm-3sNs 1x1016cm-3 (13) 

The aforegoing conditions (A), (B), (C) and (D) are 
provided for arrangements of FIGS. 15 and 13. How 
ever, among FIGS. 15 and 13, an arrangement not in 
cluding the insulator 2 is possible. Since the insulator 2 
is verythin in most cases, no large changes occur in the 
SAW propagation mode nor in potential leakage into 
the semiconductor in absence of the insulator 2. There 
fore, the use of conditions (A), (B), (C) and (D) is signif 
icantly useful also in absence of the insulator 2 in the 
arrangements of FIGS. 15 and 13. 

(10) 
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10 
As described above, the invention provides a mono 

lithic SAW convolver having a good efficiency and a 
good temperature property. 
The invention convolver can be used not only in all 

devices using a SAW convolver but also in other de 
vices such as correlator, SSC communication apparatus, 
radar, video processing apparatus, Fourier transformer, 
etc. 
What is claimed is: 
1. In a monolithic surface acoustic wave convolver 

having an arrangement of piezoelectric film/insulator/- 
semiconductive epitaxial film/high-concentrated semi 
conductive substrate, an improvement wherein said 
semiconductive epitaxial film has thickness L in the 
following range: 

Wmax<LSWnax +2 um 

where Wimax is the maximum depletion width defined 
by: 

w-skinGWD nax - e2N 

where N is the impurity density of said epitaxial film, ni 
is the intrinsic carrier density of said epitaxial film, es is 
the dielectric constant of said epitaxial film, k is the 
Boltsmann's constant, e is electron charges; and T is the 
absolute temperature. 

2. A surface acoustic wave convolver of claim 1 
wherein said semiconductor is silicon (Si), and impurity 
density N of said epitaxial film is in the following range: 

1x1013cm-3sNs 1x1016cm3 

3. A surface acoustic wave convolver of claim 1 
wherein said semiconductor is GaAs. 

4. A surface acoustic wave device of claim 1 wherein 
said insulator is SiO2. 

5. A surface acoustic wave convolver of claim 1 
wherein said piezoelectric film is made from ZnO. 

6. A surface acoustic wave convolver of claim 1 
wherein said piezoelectric film is made from AlN. 

7. A surface acoustic wave convolver of claim 2 
wherein the propagation mode of surface acoustic 
waves is Sezawa wave. 

8. A surface acoustic wave convolver of claim 7 
wherein the surface orientation of said Si is (110), and 
the propagation direction of a surface acoustic wave is 
(100). 

9. A surface acoustic wave convolver of claim 7 
wherein the surface orientation of said Si is (100), and 
the propagation direction of a surface acoustic wave is 
(110). 

10. In a monolithic surface acoustic wave convolver 
having an arrangement of piezoelectric film/insulator/- 
second semiconductive layer/first semiconductive 
layer/high-concentrated semiconductive substrate, an 
improvement wherein said second and first semicon 
ductive layers are semiconductive epitaxial films which 
are opposite to each other in conduction type, and 
wherein thickness L of said semiconductive epitaxial 
film is in the following range: 

12<Ls 12-Wn-2 m 
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where 12 is the thickness of said second semiconductive 
layer, and Wm is expressed by: 

W 
r en 

where N1 is the impurity density of said first semicon 
ductive layer, ni is the intrinsic carrier density of said 
first semiconductive layer, es is the dielectric constant 
of said first semiconductive layer, k is the Boltsmann's 
constant, e is the magnitude of electron charges, and T 
is the absolute temperature. 

11. A surface acoustic wave convolver of claim 10 
wherein said semiconductor is silicon (Si), and impurity 
density N of said epitaxial film is in the following 
range: 

1x1013cm-3sNsix1016cm-3 
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12 

12. A surface acoustic wave convolver of claim 10 
wherein said semiconductor is GaAs. 

13. A surface acoustic wave convolver of claim 10 
wherein said insulator is SiO2. 

14. A surface acoustic wave convolver of claim 10 
wherein said piezoelectric film is ZnO. 

15. A surface acoustic wave convolver of claim 10 
wherein said piezoelectric film is AlN. 

16. A surface acoustic wave convolver of claim 11 
wherein the propagation mode of surface acoustic 
waves is Sezawa wave. 

17. A surface acoustic wave convolver of claim 16 
wherein the surface orientation of said Si is (110), and 
the propagation direction of a surface acoustic wave is 
100. 
18. A surface acoustic wave convolver of claim 16 

wherein the surface orientation of said Si is (100), and 
the propagation direction of a surface acoustic wave is 
110. 

is 


